Abstract. The first aim of the study was to determine the impact the commercial product S.presso (INVE Aquaculture, Belgium) had on enriching the proximate composition of brine shrimp (Artemia sp.). The second aim of the study was to develop a better enrichment protocol for preparing enriched brine shrimp larvae. Two different enrichment protocols were investigated; the supplement was administered in either one (0.5 g L -1 ) or two equal (0.25 g L -1 )
Introduction
Laval brine shrimp (Artemia sp.) is one of the most frequently used first live foods in both industrial and amateur fish larviculture. Reduced mortality and increased growth rates are observed among many fish species when natural feeds are used during larval rearing (Akbary et al. 2010 , Demény et al. 2012 . Artemia sp. is a relatively safe nutritional resource for very young fish that derive from this feed not only the nutritional components required for growth and development but also a range of enzymes that they are not yet able to synthesize effectively in sufficient quantities (Léger et al. 1986) . Another important aspect supporting the use of brine shrimp is the ease with which this type of feed is prepared in any given quantity and at any time as required by rearing (Bengtson et al. 1991) .
Despite the many advantages of Artemia sp. nauplii, the one distinct disadvantage is that it is a nutritionally incomplete food because of the near total lack of polyunsaturated fatty acids (PUFA) w-3 such as docosahexaenoic acid (DHA) and eicosapentaenoic acid (EPA) (Navarro and Sargent 1992) . These acids are formed during the desaturation and elongation of á-linolenic acid (C18:3) ; however, since fish are not capable yet of independent synthesis (Henderson 1996 , Tocher 2003 , these must be delivered externally with the food. Simultaneously, polyunsaturated fatty acids are one of the most important biologically active substances. They are not only the lipid building blocks of cell membranes, but they also participate in a range of important metabolic transformations that produce eicosanoids, including prostaglandins, prostacyclin, thromboxanes, and leukotrienes (Hrytsyniak et al. 2009 ) and along with DHA, EPA is involved in cholesterol transport and metabolism (Kim et al. 2002) .
Lipid polyunsaturated fatty acids profiles depend significantly on the type and quantity of feed consumed, which is why enriching early feed permits balancing this profile. Feeding larval fish brine shrimp nauplii enriched with PUFA is advantageous for fish growth and development, while it simultaneously lowers mortality (Akbary et al. 2010 , Prusiñska et al. 2011 , Chepurkina et. al. 2014 , decreases the number of skeletal anomalies (Cahu et al. 2003, Lall and Lewis-McCrea 2007) , positively impacts digestive tract development (Kamaszewski et al. 2014a ) and enzymatic activity (Kolman et al. 2018 , Kamaszewski et al. 2014b , and increases resistance to stress (Adloo et al. 2012) . During the process of bioencapsulation, it is important not only to choose the optimal supplement, but also to determine the appropriate enrichment procedure, i.e., the number of doses and the time regime, otherwise the supplement the brine shrimp consume will be digested. The first aim of this study was to determine the actual effects of using S.presso, and, thus, to what degree it changed the composition of the brine shrimp larvae. The second aim was to determine the optimal S.presso protocol that permits taking best advantage of the supplement while preparing enriched brine shrimp larvae.
Materials and methods

Obtaining Artemia nauplii and their enrichment
Artemia sp. cysts (20 g; Ocean Nutrition, Belgium) were incubated in 8 L Weiss apparatuses for 24 h under constant illumination and aeration at a water temperature of 28°C. The salinity of the incubation environment was obtained by adding NaCl in quantities of 20 g L -1 . After 24 h of incubation, the nauplii were separated from the cyst capsules and unhatched cysts and were transferred into Weiss apparatuses with fresh media, where enrichment was performed. For the enrichment procedure, the freshly hatched brine shrimp larvae were transferred to enrichment apparatuses at a density of 100 to 300 nauplii ml -1 . The brine shrimp were enriched with S.presso, a comprehensive polyunsaturated fatty acid enrichment supplement manufactured by INVE 174 Maja Prusiñska et al. Aquaculture (Belgium) that is formulated with dried algae and fish oil. Artemia were enriched with different protocols, which is why two experimental groups and one control group were created: -experimental group I -a daily dose of 0.5 g L -1
was added in one portion at the beginning of Artemia nauplii cultivation (0 h); -experimental group II -a daily dose was added in two equal portions of 0.25 g L -1 each at the beginning of incubation and after 6 h. Artemia nauplii that did not receive S.presso, but which were cultivated under the same conditions as the experimental groups, served as the control. There were three replicates of each group. Samples of nauplii were collected at the beginning of the enrichment process (0 h) and also after 6, 12, and 24 h. We also decided to collect samples from one group after 24 h of the enrichment period.
Biochemical analysis
The samples selected for the study were dried on filter paper and then weighed on a Precisa 120A analytical scale (± 1 mg) and frozen in liquid nitrogen. Analyses of all biochemical parameters were conducted in six replicates. The contents of fatty and amino acids and mineral composition were determined in three replicates.
All calculations were performed on dry weights. The samples were dried at 60°C for 24 h until they reached a constant weight (Postel et al. 2000) . Sample ash content was determined following combustion in a muffle furnace at 550°C for 8 h (ISO 2002 , and Zn 2+ content in the ash was determined with an atomic absorption spectrophotometer C-115-M1 using appropriate standards. Samples weighing 1-1.5 g were homogenized at + 4°C in a Potter-Elvehjem homogenizer using a phosphate buffer with a pH of 7.4. The homogenate was centrifuged at 15000 g for 15 min. Lipid extraction was performed with the Folch method (Folch et al. 1957) . Total lipids were determined with acid hydrolysis followed by the reaction between the decomposition products and phospho-vanillin reagent (Knight et al. 1972) . The total carotenoid content of the samples was determined by spectrophotometry at l 450 nm after deposition with Carrez solution I and Carrez solution II, acetone extraction, and subsequent purification with petroleum ether (GOST R 54058-2010 (GOST R 54058- 2011 .
Lipase activity was determined with the standardized method (Sklyarov et al. 2008) . Proteolytic activity was investigated with the modified Anson's method (GOST 20264.2-88 1988) . Enzyme activity was expressed in conventional units per mg protein, where 1 unit (U) corresponds to that amount of enzyme that catalyzes the conversion of 1 micromole of substrate in 1 m. The activity of a-amylase was determined with the Caraway amylolytic method (Caraway 1959) and expressed as mg of starch converted by the enzyme in 1 h calculated per mg of protein.
The total protein content was determined with Lowry's method (Lowry et al. 1951) .
Amino acid content was determined with ion-exchange liquid-column chromatography on a T 339 automatic amino acid analyzer (Prague, Czech Republic). The amino acids in the eluate were registered with the ninhydrin detection method (Kozarenko 1975) . The qualitative composition of the amino acid mixture was determined by comparing the chromatograms of standard and test amino acid mixtures. The contents of individual amino acids were expressed as percentages of total amino acid weight. Amino acid tryptophan was not determined. Asn and Gln content was assayed with Asp and Glu, respectively.
Fatty acids were determined with gas chromatography on an HRGC 5300 chromatograph (Italy) in a 3.5 m glass column filled with Chromosorb W / HP with the application of a 10% liquid phase of Silar 5CP at a programmed temperature of 140-250°C (Kates 1973 , Baidalinova et al. 1977 . The identification of individual fatty acids was conducted using the respective standards by Sigma; their contents were expressed as the percentage of the total amount of fatty acids.
Impact of a polyunsaturated fatty acid supplement on enriching the nutritional value of brine...
All the data are presented as mean ± SE. Mean values were considered significantly different at P < 0.05. The significance of differences in the results was evaluated with one-way ANOVA. Statistical analysis was computed using MS Excel software and STATISTICA 6.0.
Results
The analysis of brine shrimp nutrient values at 6, 12, and 24 h of the experiment indicated there were significant decreases in total protein content in group I and the control group (Table 1) . Generally, a progressive increase in total protein was noted in both experimental groups (I and II), while in the unenriched control groups this value decreased progressively over time.
Total lipid analysis indicated that there was significant increase in experimental group II (two doses of S.presso of 0.25 g L -1 at 6 h intervals). However, a single dose of S. presso resulted in only a slight increase in total lipid content during the 6 h following the beginning of the experiment. However, carotenoid content in all the groups studied decreased in comparison to initial values. Since enriching brine shrimp with S.presso with the two-stage protocol resulted in increased protein and lipid contents, the dynamics of amino and fatty acids compositions were only examined in experimental group II, which is the group in which S. presso was administered in two doses (Tables 2-3) . Enriching brine shrimp nauplii with S.presso resulted in significant increases in the content of some amino acids (Asp+Asn and Glu+Gln), while decreases were observed in the percentages of others (His, Arg, and Pro). However, when the corresponding parameters were compared with the brine shrimp 176
Maja Prusiñska et al. Values in the same row with different letter indexes differ significantly statistically at a level of significance (P < 0.05) prior to enrichment, increases in the overall protein content in the brine shrimp were noted. The analysis of the brine shrimp fatty acids in comparison to the fatty acids in S.presso indicated that of the 25 fatty acids in the latter, four were not detected in the brine shrimp. Following enrichment, the composition of the brine shrimp increased considerably with as many as 35 fatty acids being cont. Table 3 identified, of which nearly 56% were SFA, 20% were MUFA, and 24% were PUFA. Prior to enrichment, the analysis of brine shrimp proximate composition identified 32 FA, while after 12 h, 35 FA were identified (Table 3) . Determinations of the fatty acids profiles of brine shrimp indicated higher values of some PUFAs from both the n-3 and n-6 families in both variants of the experiment (groups I and II), but not in the control group. No substantial changes were noted in the overall contents of n-3 or n-6 PUFA or in the relative mutual proportions of these in the brine shrimp nauplii during the application of the enrichment protocols.
The characteristics of the brine shrimp ash mineral composition showed significant differences in the content of ions K + and Fe 2+/3+ between the cysts and the nauplii (Table 4 ). The contents of other elements at key developmental stages did not fluctuate significantly.
The analysis of the enzymatic activity of brine shrimp nauplii indicated increased acidic, neutral, and alkaline protease activity in the control group at 6 h ( Fig. 1a) , but the degree of acidic protease activity throughout the experiment did not fluctuate significantly. The study of proteolytic activity in the nauplii from experimental group I indicated a lack of significant differences in protease activity at all of the pH levels studied (Fig. 1b) . The analysis of protease activity in brine shrimp nauplii from experimental group II indicated there was increased activity in the hydrolytic enzymes at a neutral pH at 6 h. This increase was almost ten-fold, while acidic and alkaline protease activity throughout the experiment remained constant (Fig. 1c) . The analysis of a-amylase activity in brine shrimp nauplii indicated that it increased throughout the experiment in both experimental groups (I and II) and also in the control group (Fig. 2a) . Throughout the experiment, increased lipase activity was also noted in both the control group and experimental group II, with higher values noted in the latter. However, one-stage brine shrimp enrichment resulted in lowered lipase activity (Fig. 2b) .
Discussion
Impact of S.presso on the proximate composition of brine shrimp nauplii
The analysis of brine shrimp nutritional composition indicated decreased total lipid values throughout the duration of the experiment among starving nauplii from the Impact of a polyunsaturated fatty acid supplement on enriching the nutritional value of brine... Total protease activity at different pH in Artemia sp. nauplii (a -control group, b -I experimental group, c -II experimental group). *differences among groups are statistically significant at P < 0.05.
control group that stemmed from the use of energy stores in the cysts (García-Ortega et al. 1998 , Monroig et al. 2006 . In contrast to the starving control group, higher total lipid values were observed in the brine shrimp nauplii from both of the experimental groups (I and II), which was the direct result of the assimilation of the fatty acids in S.presso and indicates that bioencapsulation was successful. The tendency of increasing fatty acid content in crustaceans is also observed through their enrichment with other sources of fatty acids (Hafezieh et al. 2009 , Najdegerami et al. 2015 . ANOVA analysis of variance indicated statistically significantly differences in the fatty acids content of the brine shrimp nauplii from all the groups investigated. The most rapid decrease in protein content among brine shrimp was noted immediately after hatching, which was most likely linked to the discarding of the chorion (García-Ortega et al. 1998 ). The next decrease in total protein content at 6 h in all groups could be explained by the catabolism of reserves (Aragão et al. 2004 ). Since S.presso contains a low percentage of protein and the main component is lipids, brine shrimp nauplii that are enriched with it later shift to using the lipid substrate in the emulsion as energy. Because of this, the nauplii no longer use proteins as energy, which permits all of the amino acids in S.presso to be used for de novo protein synthesis. The increased glutamic acid content of the nauplii enriched with S.presso can be explained by its active participation in the processes of transamination, which ensures that the brine shrimp nauplii have the necessary quantities of essential amino acids. Additionally, S.presso is a source of all non-essential amino acids, thanks to which bioencapsulation with the product studied permitted the brine shrimp to meet their protein synthesis needs.
During the experiment, the carotenoid content of the proximate composition of the brine shrimp nauplii decreased successively, which most probably stemmed from the fact that the level depends on crustacean developmental stage, and it decreases with development. This is linked, inter alia, with decreasing levels of the xanthophils astaxanthin and canthaxanthin (Nelis et al. 1988) .
The analysis of the fatty acids in S.presso indicated that the proportion of DHA/EPA was nearly 15:1, which was 1.6 times higher than the proportion of 9:1 declared on the manufacturer's packaging. The decreased EPA content noted in S.presso was likely linked, inter alia, to how and for how long the product was stored, which has a direct impact on the fatty acid content of the emulsion (Adloo et al. 2012) . The lack of EPA in the unenriched brine shrimp nauplii is noteworthy. Usually in unenriched brine shrimp nauplii either both PUFAs are present or 180
Maja Prusiñska et al. DHA is lacking, but EPA is present, although it usually occurs in very low quantities (Chakraborty et al. 2007 , Hafezieh et al. 2009 , Nhu et al. 2009 , Adloo et al. 2012 . The exceptional lack of EPA in the nauplii examined is probably associated with the place of origin of the cysts or the specific season that preceded the collection of the cysts from the environment.
As mentioned previously, the two-stage S.presso enrichment protocol for brine shrimp nauplii was effective in terms of higher total lipid contents. The decreased lipid content observed after 12 h of the experiment could have been linked to the beginning of emulsion autoxidation and the environmental accumulation of the toxic products of fat hydroxylation (McEvoy et al. 1995 , Monroig et al. 2007 ). This phenomenon probably influenced the lowered MUFA and n-3 PUFA contents along with increased SFA. Additionally, insignificant DHA decreases and slight EPA increases after 6 h of enrichment could have resulted from the ability of DHA to reconvert to EPA (Navarro et al. 1999) . The degree to which DHA reconverts to EPA depends on the type of brine shrimp, the enrichment methodology applied, temperature, lighting, and other environmental factors (Vite-García et al. 2014) . Taking into consideration the results obtained, it was concluded that the more effective method for enriching brine shrimp nauplii with fats and protein is the S.presso two-stage protocol of 0.25 g L -1 with a second dose in the same quantity 6 h after the initial dose.
Impact of S.presso on brine shrimp nauplius hydrolytic activity
The results obtained from the investigation indicate that one-stage enrichment did not stimulate the hydrolytic activity of the brine shrimp digestive enzymes; however, no significant deposition of nutrients was noted either. The daily one-stage enrichment protocol either slows down hydrolytic activity or has no impact, which is also why this enrichment protocol is considered to be ineffective. Additionally, this S.presso delivery method is known to lead to higher mortality among brine shrimp nauplii (Prusiñska et al. 2015) . During two-stage enrichment with S.presso, the main role in enhancing brine shrimp nauplius proteolytic activity is played by protease with alkaline pH and, in some instances, neutral pH. This phenomenon is also confirmed by literature data (García-Ortega et al. 1998) . Additionally, increases in lipase activity are noted that are associated with the digestion and assimilation of the lipids in the product. Together with other enzymes in the nauplii (D¹browski and Glogowski 1977) , brine shrimp lipase can be an exogenous factor predisposing the activity of digestive enzymes in the digestive tracts of larval fish (Gawlicka et al. 2000) . They can effectively supplement deficits in the noneffective, undeveloped digestive tracts of larval fish, which facilitates the effective digestion of the first exogenous food consumed.
Impact of S.presso on the mineral composition of brine shrimp nauplii
It was confirmed that enriching brine shrimp nauplii with S.presso increased the content of some ions (Na + , K + , Zn 2+ ) in both experimental groups. As is widely known, the Na + and K + ions play key roles in maintaining ion balance and the functioning of cell bioelectric activity. Consequently, ensuring that start feed contains quantities of these elements that meet the requirements of the fish should positively impact the development of nerve and muscle activity in larvae during early developmental stages. It is also known that providing larval fish brine shrimp nauplii with higher levels of Zn 2+ optimizes metabolism thanks to the cofactor function of this ion in more than eighty enzymes. It has also been demonstrated that using brine shrimp nauplii enriched with zinc and manganese ensures proper skeletal development in larval fish (Nguyen et al. 2008) . In effect, it was confirmed that enriching brine shrimp nauplii with S.presso also has a positive impact on their mineral content.
Conclusions
Using S.presso to enrich brine shrimp nauplii with polyunsaturated fatty acids led to increased levels of total lipids and lacking DHA and EPA. Additionally, using the product did not cause lowered protein content, while it caused greater hydrolytic activity that facilitated the digestion of brine shrimp nauplii enriched with S.presso by fish that are shifting to exogenous feeding. Taking into consideration the results obtained, it was concluded that the more effective method for enriching brine shrimp nauplii with fats and protein is the S.presso two-stage protocol of 0.25 g L -1 with a second dose in the same quantity 6 h after the initial dose.
